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(54) OPTICAL SYSTEM FOR NOISE MITIGATION

(57) Configurations for a photonics assembly design
and methods for mitigating coherent noise thereof are
disclosed. The photonics assembly may include a set of
light sources, anoptical subsystem thatmay includeaset
of optical elements, and a diffusing element. The light
emitted by the set of light sources may be different
wavelengths and the lightmay be de-cohered by a phase
shifter before being received by the set of optical ele-
ments. The diffusing element may bemoveable andmay

be capable of repeating the same positions or set of
positions for each beam of light emitted by the set of light
sources. By combining the coherent noise mitigation
techniques of the moveable diffusing element and the
de-cohered light, the photonics system may provide an
illumination profile with a specific spatial profile and an-
gular profile on the sample that allows reliable measure-
ment of the sample and coherent noise mitigation.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This Patent Cooperation Treaty patent applica-
tion claims priority to U.S. Provisional Patent Application
No. 63/076,249, filed September 9, 2021, the contents of
which are incorporated herein by reference in their en-
tirety.

FIELD

[0002] This disclosure relates generally to systems
and methods for coherent noise mitigation. More parti-
cularly, this disclosure relates to a system with multiple
light sources and optical elements that produce de-co-
hered light which forms an asymmetric launch beam.

BACKGROUND

[0003] Generally, noise in various types of imaging
systems may cause unwanted modifications of a signal.
Noise may degrade images in systems such as medical
ultrasound systems, radar systems, projection systems,
or any coherent imaging system. Noise may cause grai-
niness, granular patterns, or intensity patterns in the
measured signal or image. In some examples, noise
may significantly interfere with the detection of an optical
signal, thus the illumination conditions may be designed
to mitigate noise, while maintaining other specifications
of the optical system such as operating speed and size of
the optical device or system.

SUMMARY

[0004] Embodiments of the systems, devices, meth-
ods, andapparatusesdescribed in thepresentdisclosure
are directed to an optical system for mitigating coherent
noise. Also described are systems, devices, methods,
and apparatuses directed to providing de-cohered light
that produces an asymmetric launch beam. The optical
system may include multiple light sources that provide
de-cohered light via phase shifts, frequency differences,
and so forth. An optical subsystem may receive the light
from the light sourcesandmaysubstantially collimate the
light to produce a desired intensity profile of a launch
beam. The launch beam may include light in the form of
light beams from the light sources,whereeach light beam
is incident onto the launch beam with different angles
from one another. The optical systemmay also include a
moveable diffuser to assist in mitigating coherent noise.
[0005] In some examples, the present disclosure de-
scribes a photonics assembly. The photonics assembly
may include a set of semiconductor light sources, each of
the set emitting light, a set of output couplers for receiving
light from the set of semiconductor light sources, an
optical subsystem positioned to receive the light from
the set of output couplers and shape the light, and a

diffuser configured to provide the light with a coherent
noise state of a set of coherent noise states on a sample,
where the diffuser is operative to repeatedly move be-
tweenat least afirst positionandasecondpositionandby
moving repeatedly between at least the first position and
the second position, the diffuser mitigates coherent
noise. In some examples, the photonics assembly may
include a set of phase shifters positioned to transmit light
to each output coupler of the set of output couplers and
generates de-cohered light, a beam spread of the light
emitted by the set of semiconductor light sources upon
exiting the set of semiconductor light sources is between
1 and 5 microns in at least one dimension, and a beam
spread exiting the diffuser is in a range of 2‑4 mm upon
incidence on a sample in at least one dimension. In some
examples, the beam spread exiting the diffuser may be
approximately 0.5mm by 2‑4 mm.
[0006] In some examples, the optical subsystem may
include a collimating array positioned to receive the light
from the set of output couplers and a deflection prism
array positioned to receive the light from the collimating
array. In some examples, the optical subsystem may
include a collimating array positioned to receive the light
from the set of output couplers and a diverger array
positioned to receive the light from the collimating array.
In some examples, the optical subsystem may include a
decentered toroidal lens array positioned to receive the
light from the set of output couplers. In some examples,
the optical subsystem may include a cylinder lens array
positioned to receive the light from the set of output
couplers, and a crossed cylinder lens array positioned
to receive the light from the cylinder lens array. In some
examples, the diffuser is configured to provide diffused
light in an eight degree by eight degree light beam to the
sample.
[0007] In some examples, the present disclosure de-
scribes an optical system. The optical system may in-
clude a set of semiconductor light sources for emitting
light withmultiple light beams, a set of output couplers for
receiving the light from the set of semiconductor light
sources, and amoveable diffusing element configured to
receive the light from theset of optical couplers,move toa
set of positions for eachoutput coupler of the set of output
couplers to provide a set of different coherent noise
states corresponding to each output coupler of the set
of output couplers, and define an illumination profile
incident on a sample. In some examples, the optical
system may include an optical subsystem configured
to receive the light from the set of output couplers and
a set of phase shifters for de-cohering the light, where
each light beam of the multiple light beams received by
the set of output couplers is de-cohered by a correspond-
ing phase shifter of the set of phase shifters, and each of
the set of positions is repeatable. In some examples, the
optical systemmay include a frequencymodulator for de-
cohering the light provided by the set of output couplers.
In some examples, the moveable diffusing element is a
circular diffuser. In some examples, the illumination pro-
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file is based at least partially on the angle spacing of light
received from the optical subsystem. In some examples,
the illumination profile is based at least partially on the
total range of angles of light incident on the diffuser. In
some examples, the light emitted by each light source of
the set of semiconductor light sources is a different
wavelength.
[0008] In some examples, the present disclosure de-
scribes a method for mitigating coherent noise. The
method may include emitting de-cohered light from a
set of light sources, receiving the de-cohered light at
an optical subsystem that generates a desired illumina-
tionprofile, anddiffusing thedesired illuminationprofileof
the de-cohered light using a moveable diffuser with co-
herent noise-unique diffuser states for each light beam
received fromeach light source of the set of light sources.
In some examples, the illumination profile is based at
least partially on the angle spacing of light received from
the optical subsystem, the coherent noise-unique diffu-
ser states for each light beammaybe repeatable, and the
total range of angles of light incident on the diffuser. In
some examples, emitting the de-cohered light may in-
clude generating a beam spread that is less than 4
microns upon exiting the set of light sources. In some
examples, diffusing the de-cohered light may include
generating a beam spread of less than 3.2 mm when
incident on a sample. In some examples, emitting the de-
cohered light may include phase shifting the de-cohered
light. In some examples, each light source of the set of
light sources is a different wavelength from each other,
and diffusing the de-cohered light may include generat-
ing a set of coherent noise views, wherein a same co-
herent noise view is generated for each wavelength.
[0009] In addition to the example aspects and embodi-
ments described above, further aspects and embodi-
mentswill becomeapparent by reference to the drawings
and by study of the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIG. 1 illustrates an example photonics assembly.

FIG. 2A illustrates an optical system.

FIG. 2B illustrates an optical system.

FIG. 2C is a representation of an illumination profile.

FIG. 2D is a representation of an illumination profile.

FIG. 3A illustrates an example optical subsystem in
an optical system.

FIGs. 3B‑3C illustrate an example optical system
with no diffuser and the corresponding far field an-
gular separation of light.

FIGs. 3D‑3E illustrate an example optical system
with a diffuser and the corresponding non-overlap-
ping far field angular separation of light.

FIGs. 3F‑3G illustrate an example optical system
with a diffuser and the corresponding overlapping
far field angular separation of light.

FIG. 4 illustrates an example optical subsystem in an
optical system.

FIG. 5 illustrates an example optical subsystem in an
optical system.

FIG. 6 illustrates an example optical subsystem in an
optical system.

FIG. 7 illustrates an example optical subsystem in an
optical system.

FIG. 8 illustrates an example optical subsystem in an
optical system.

FIG. 9 illustrates an example block diagram of an
optical system.

[0011] It should beunderstood that the proportionsand
dimensions (either relative or absolute) of the various
features and elements (and collections and groupings
thereof) and the boundaries, separations, and positional
relationships presented between them, are provided in
the accompanying figures merely to facilitate an under-
standing of the various embodiments described herein
and, accordingly, may not necessarily be presented or
illustrated to scale, and are not intended to indicate any
preference or requirement for an illustrated embodiment
to the exclusion of embodiments described with refer-
ence thereto.

DETAILED DESCRIPTION

[0012] Reference will now be made in detail to repre-
sentative embodiments illustrated in the accompanying
drawings. It should be understood that the following
description is not intended to limit the embodiments to
one preferred embodiment. To the contrary, it is intended
to cover alternatives, modifications, and equivalents as
can be included within the spirit and scope of the de-
scribed embodiments as defined by the appended
claims.
[0013] Generally noise, such as random or semi-ran-
dom noise, may be present in various types of imaging
systems and may cause unwanted modifications of a
signal. In some examples, the noise in the imaging sys-
temsmaybe coherent noise. Noisemaydegrade images
in systems such as medical ultrasound systems, radar
systems, projection systems, or any coherent imaging
system by causing graininess, granular patterns, or in-

5

10

15

20

25

30

35

40

45

50

55



4

5 EP 4 818 770 A2 6

tensity patterns in the image. Some systems may pro-
duce signals with so much noise that it may be difficult to
determine the measured signal. In some examples, co-
herentmultipath-interferencemaybeanoisesource,one
example of which may be speckle noise.
[0014] In some examples, coherent noise may signifi-
cantly interferewith thedetectionofanoptical signal, thus
the illumination conditions may be designed to mitigate
coherent noise, while maintaining other specifications of
the optical system such as operating speed and size of
the optical device or system. Different factors may be
considered when mitigating or reducing coherent noise
including, but not limited to, illumination conditions within
the geometrical specification of the system such as in-
tensity profile of the light, the angle distribution or beam
spread angles of the light, and reducing the number of
moving parts of the optical system.
[0015] In mitigating noise in optical systems, coherent
noise may be reduced without exacerbating other noise
sources in the optical system such as detector noise and
laser noise. In some examples, coherent noise may be
reduced by combining the functionality of multiple ele-
ments in the optical systemsuchasamovingdiffuser and
a phase shifter in the integrated optics. Additionally,
coherent noisemay bemitigated by de-coheringmultiple
light outputs fromeachother via some temporally varying
phase relationships. These phase relationships may be
from phase shifters, frequency modulators, and/or from
chirping and group delay, any combination thereof, and
so forth. In some examples, coherent noise may be
mitigated by each output receiving a slightly different
wavelength. By using these elements in conjunction with
observing other specifications of the optical system, co-
herent noise may be mitigated or reduced so that optical
signals may be measured more effectively by the optical
system.
[0016] Disclosed herein are optical systems, devices,
and methods for mitigating coherent noise using a mov-
ing diffuser and de-cohered light together to produce a
predetermined illumination profile incident on the sam-
ple. A photonics assembly may include photonics dies
that emit multiple wavelengths. Additionally, the photo-
nics assembly may include the photonics die(s), outcou-
plers, optical components that receive light from the
photonics die(s), free space optics, and so forth, but does
not include the sample. The photonics assembly will be
described in further detail with reference to FIG. 1. The
light emitted by the photonics die(s) may be de-cohered
using a phase shifter which may be part of or external to
the photonics die. The lightmay be received by an optical
subsystem that shapes the light and steers the light to a
diffusing element. The optical subsystem may include
one or more optical components as appropriate to
achieve the desired shape and beam angles incident
on the diffusing element. In some examples, the optical
subsystem may shape the light by collimating the light.
Generally, shaping the light may include directing the
light, focusing the light, collimating the light, other suita-

ble shaping functions, and/or any combination thereof.
[0017] In some examples, the diffusing element may
move in one ormore dimensions to generate, in conjunc-
tion with the de-cohered light beams, unique coherent
noise views or coherent noise states and the positions of
the diffusing element may also be repeatable. Coherent
noise may cause graininess, granular patterns, or inten-
sity patterns in the measured signal or image. In some
examples, a first light may experience coherent multi-
path-interference that creates coherent noise, where the
first coherent noise may exhibit a first intensity pattern,
which may be a first coherent noise view or coherent
noise state. Further to this example, a second light may
experience coherent multipath-interference that creates
coherent noise, where the second coherent noise may
exhibit a second intensity pattern,whichmaybeasecond
coherent noise view or coherent noise state. What qua-
lifies as unique coherent noise views or unique (e.g.,
different) coherent noise states is largely dependent on
the accuracy constraints for a given system design and
intended sample characteristics, but for the purposes of
this application, two or more spectroscopic measure-
ments of a sample have unique noise views or unique
coherent noisestates if theyhaveacorrelation coefficient
r that is between 0 and 0.5 (e.g., between 0 and .5 the
noise views are decorrelated fromoneanother). It should
be appreciated however, that some systems may be
designed with a different accuracy constraint (e.g., r
between 0 and 0.4 or r between 0 and 0.3). The correla-
tion coefficient may be at least partially based on map-
ping the intensity value of the image where the bright
areas may correspond to high correlation and the dark
areas may correspond to low correlation.
[0018] As described herein, although the positions or
the sets of positions of the diffusing element are dis-
cussed as repeatable, the positions or the sets of posi-
tions may be approximately repeatable and within about
a ten percent variation of the actual position. In some
examples, the diffuser may move between a predeter-
mined set of positions repeatedly over the course of a
measurement. The predetermined set of positions may
be a repeating sequence (e.g., 1‑2‑3‑4‑1‑2‑3‑4 or
1‑2‑3‑4‑4‑3‑2‑1) or a pseudo-random sequence (e.g.,
1‑2‑4‑1‑2‑3‑1‑4...), and the diffuser may spend equal
time at each position. Additionally, in performing mea-
surements, there may be some inaccuracy between a
target position of the diffuser and the actual position. The
tolerances may be dependent on an individual system
andmay vary from system to system. In some examples,
the predetermined set of positionsmay be selected to be
far enough apart such that, even when the tolerances
may be accounted for, theymay provide unique coherent
noise views or coherent noise states.
[0019] Each of the photonics dies may emit respective
light beams that after passing throughoptical elements of
the systemmay be incident on the diffusing element with
a predetermined beam spread. Additionally, each of the
light beams may have a different angle relative to the
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diffusing element due to the spacing of the photonics die
and the optical elements of the system. It may be under-
stood that light beams are a portion of light that have one
or more light rays. The diffusing element may move to a
repeatable set of positions for each light beam so that
each light beam may pass through the same or a similar
set of diffusingelementpositionsaseachof theother light
beams. The diffusing element may move to a set of
positions for an individual light beamso that the individual
light beam will provide a corresponding set of coherent
noise views or coherent noise states incident on the
sample. The diffusing element may then move to the
same or similar set of positions for the light beam in
the next spatial position to provide a corresponding set
of coherent noise views or coherent noise states for that
light beam, and so forth. It may be understood that
although a light beam in a first position and a next spatial
position may be discussed, the diffuser may change the
coherent noise view for all of the light beams simulta-
neously. By providing each light beam with repeatable
positions, the signals measured from the different light
beams may be averaged together so that the signals will
approach or in some cases converge to the correct
measured signal and with reduced coherent noise. In
other embodiments, eachdiffuser positionmaybe visited
only once per overall measurement and thewavelengths
may be used multiple times and once per diffuser posi-
tion. Put another way, in some embodiments, the diffuser
positions may be nested within the wavelengths, and in
other embodiments, the wavelengths may be nested
within the diffuser positions.
[0020] In some examples, each wavelength can ex-
perience the same diffuser position, but the coherent
noise state for each wavelength at a given diffuser posi-
tionmay be different because thewavelength is different.
When mitigating coherent noise, the same or a similar
coherent noise view or coherent noise state may be
available at every wavelength or wavelength range
emitted by the photonics die. By interrogating the light
at the various angles of the individual light beams, each
signal may include some coherent noise. The signals of
the different angles of light are averaged together, and
the coherent noisemay approach a zeromean insofar as
the signals may approach or converge to the correct
signal or the measured signal without coherent noise.
The terms "coherent noise view" and "coherent noise
state" may be used interchangeably herein.
[0021] Even though taken individually, the diffusing
element or the phase shifters may be capable of gener-
ating unique coherent noise views at a sufficient rate for
coherent noise mitigation for the photonics assembly,
each component used individually and without the other
may occupy too much space and require too much oper-
ating power that the combination of the diffusing element
with the phase shiftersmay better comply with the photo-
nics assembly specifications due to space and power
considerations. Although the diffusing element and the
phase shifters each may generate unique views, the

combination may allow for an increased number of co-
herent noise views in a small form factor device and/or
system.
[0022] These and other embodiments are discussed
belowwith reference to FIGs. 1‑8. However, those skilled
in the art will readily appreciate that the detailed descrip-
tion given herein with respect to these figures is for
explanatory purposes only and should not be construed
as limiting.
[0023] Directional terminology, suchas "top", "bottom",
"upper", "lower", "above", "below", "beneath", "front",
"back", "over", "under", "left", "right", and so forth, is used
with reference to the orientation of some of the compo-
nents in some of the figures described below. Because
components in various embodiments can be positioned
in a number of different orientations, directional terminol-
ogy is used for purposes of illustration only and is in no
way limiting. The directional terminology is intended tobe
construed broadly, and therefore should not be inter-
preted toprecludecomponentsbeingoriented indifferent
ways.
[0024] As used throughout this specification, a refer-
ence number without an alpha character following the
reference number can refer to one or more of the corre-
sponding references, thegroupof all references, or some
of the references.Forexample, "215" can refer toanyone
of the photonics dies 215 (e.g., photonics die 215A,
photonics die 215B, etc.), can refer to all of the photonics
dies 215, or can refer to some of the photonics dies (e.g.,
both photonics die 215A and photonics die 215B) de-
pending on the context in which it is used.
[0025] Representative applications of methods and
apparatuses according to the present disclosure are
described in this section. These examples are being
provided solely to add context and aid in the understand-
ing of the described examples. It will thus be apparent to
one skilled in the art that the described examples may be
practicedwithout some or all of the specific details. Other
applications are possible, such that the following exam-
ples should not be taken as limiting.
[0026] FIG. 1 illustrates an example photonics assem-
bly 100whichmay includean interface180,a light emitter
110, a detector 130, and a controller 140. The interface
180 can includeanexternal surfaceof a devicewhich can
accommodate light transmission therethrough. It may be
understood that the interface 180 may accommodate
light transmission in the working wavelengths. In some
examples, theworkingwavelengthsmaybewavelengths
of light used tomeasure properties of the sample. Further
and in some examples, the interface 180may be opaque
to visible light as visible wavelengths of light may not be
used to measure properties of the sample. In some
examples, the photonics assembly 100 can include an
aperture structure 160 including regions that provide
different functionalities. In some examples, the regions
of theaperturestructure160may includeoneormoreof a
transparent region 170, an opaque region, a translucent
region, a reflective region, a region having a different
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refractive index than surroundingmaterial, any combina-
tion thereof and so forth. The aperture structure 160may
direct and/or control the launch position of the light into
the measured sample volume 120 and the collection
position of the returned light from the measured sample
volume 120. By controlling the location and/or angles of
light entering a measured sample volume 120, the light
incident on a measured sample volume 120, and/or ex-
iting from a measured sample volume 120 can be selec-
tively configured. As depicted in FIG. 1, the aperture
structure 160 may be a single interface with multiple
apertures, however, the interface may be split into differ-
ent windows such as a launch window and one or more
collection windows. In some examples, the photonics
assembly may include the photonics die(s), outcouplers,
optical components that receive light from the photonics
die(s), free space optics, and so forth, but does not
include the sample. Although depicted in FIG. 1, the
measured sample volume 120 is not included in the
photonics assembly 100. The terms "photonics assem-
bly" and "photonics system" may be used interchange-
ably herein.
[0027] While operating the photonics assembly 100,
the measured sample volume 120 can be located close
to, or touching at least a portion of, the photonics assem-
bly 100, such as the photonics system interface 180. The
one or more light emitters 110 can be coupled to the
controller 140. The controller 140 can send a signal (e.g.,
current or voltage waveform) to control the light emitters
110, which can emit light. The one or more light emitters
110 may be included in one or more photonics dies 115,
which will be discussed in detail herein. Discussions
hereinmay reference thephotonicsdie(s) 115asemitting
light, though it may be one or more light emitters 110 that
are part of the photonics die 115 that may be generating
light. As such, discussions of the photonics dies emitting
light are understood to encompass a light emitter gen-
erating light, so long as that light emitter is part of the
photonics die.
[0028] In some examples, the photonics die 115 may
emit light, which may be reflected by the outcoupler or
mirror 150 included in the photonics die 115, and the light
may be received by a lens 190. The lens 190 may be a
free space lens and, although referred to as a single lens,
in some examples, the lens 190 may be multiple lenses.
Additionally, the lens 190 may be a single lens that per-
forms multiple functions or may be multiple lenses that
each performs a function such as collimating light and/or
beam steering or beam shaping light received from the
photonics die 115. The lens 190 will be discussed in
further detail herein with reference to FIGs. 2A‑8. The
light from the lens 190 may be directed to a diffusing
element 135. Thediffusing element 135maymove in one
ormultiple dimensions and themovement of the diffusing
element 135 may be discrete or continuous. In some
examples, a discrete diffusing element 135 may step
between different positions, while a continuous diffusing
element may vibrate or otherwise continuously move

without stopping at a particular position. In still further
examples, the diffusing element 135 may be capable of
moving to any target position within a desired range or
may be only physically capable ofmoving between some
fixed positions. The diffusing element 135 may generate
an illumination profile of light that is based at least par-
tially on the angle spacing of light received from the lens
190 and the total range of angles of light incident on the
diffuser. The diffusing elementwill be discussed in further
detail with reference to FIGs. 2A‑8.
[0029] Depending on the nature of themeasured sam-
ple volume 120, light can penetrate into the measured
sample volume 120 to reach one or more scattering sites
and can return (e.g., reflect and/or scatter back) towards
thephotonics assembly 100with acontrolledpath length.
The return light that enters back into the photonics as-
sembly 100may be directed, collimated, focused, and/or
magnified. The return light can be directed towards the
detector 130. The detector 130 can detect the return light
and can send an electrical signal indicative of the amount
of detected light to the controller 140. In some examples,
the detector 130 may have optical elements to direct,
collimate, focus, magnify, or otherwise shape the return
light from the sample.
[0030] Additionally or alternatively, the light emitter 110
can optionally emit light towards the reference (not illu-
strated in FIG. 1). The reference can redirect light to-
wards optics which may include, but are not limited to, a
mirror, lenses, and/or a filter, and also may redirect light
towards a sample with known optical properties. The
optics may direct, collimate, focus, magnify, or otherwise
shape the return light towards the detector 130. The
detector 130 can measure light reflected from the refer-
ence and can generate an electrical signal indicative of
this reflected light for quality purposes. As illustrated in
FIG. 1, the light emitter 110 emits light toward an out-
coupler or mirror 150. In some examples, the detector
130 may not have unique and/or individual correspond-
ing pixels for eachof the sample and reference signals. In
some examples, the optics may direct the reference light
onto the same pixel(s), and the measurements may be
time multiplexed. Additionally in some examples, the
detector 130may include oneormore pixels, where each
of the one or more pixels may output a respective signal
based on the light or return light collected by that pixel.
Thus, any individual signal generated by thedetector 130
may be representative of a signal or of a reference,
depending on which part of the system the light or return
light striking that pixel is coming from.
[0031] The controller 140 can be configured to receive
one or more electrical signals from the detector 130, and
the controller 140 (or another processor) can determine
the properties of a sample from the received electrical
signals. In some instances, the detector 130 can gener-
ate signals in response to receiving and/or absorbing
returned light and, in some examples, may generate at
least two electrical signals, where one electrical signal
can be indicative of returned light, whichmaybe reflected
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and/or scattered from themeasured sample volume 120,
and another electrical signal can be indicative of light
reflected/scattered from the reference. Additionally, the
detector 130 may be configured to transmit the electrical
signals to the controller 140. In some examples, each of
the different electrical signals can be a time-multiplexed
signal. For example, each of the different electrical sig-
nals for the measured sample volume and the reference
may alternate with one another at different points in time.
Further to this example, a signal during a first time period
may be representative of the reference, and the signal
during the second time period may be representative of
the sample. In other instances, two or more electrical
signals can be received by different detector pixels con-
currently and each of the electrical signals may include
information indicative of different light information such
as wavelength and intensity.
[0032] Generally, photonics systems may be used for
sensing and processing light in electronic systems and
devices. Some photonics assemblies may be used for
transmitting light and may be included in an electronic
device, such as mobile devices, tablets, smart phones,
and so forth, which may be used for various purposes
such as optical communication, environmental sensing,
and/or biometric sensing. Mobile electronic devices are
growing in popularity and these devices are often small
enough to be portable and/or handheld. The architec-
tures of these mobile devices may include various com-
ponents, including photonics circuitry, which may affect
the size of the device into which it is incorporated.
[0033] Becauseof the increasingemphasis on smaller,
more compact electronic devices, the size and thickness
of the components inside of the electronic devicemay be
limited. In some examples, a particular size of the elec-
tronic device is targeted and each component within the
electronic device is given amaximum form factor or area
that the component(s) may occupy within the electronic
device. Accordingly, the physical configuration of the
individual components, such as optical elements, light
emitters, detectors, and an integrated circuit, such as a
photonics integrated circuit and/or photonics assembly,
may become increasingly important to the form factor of
the device. In some examples, the photonics assembly
100 may be included in various handheld or portable
electronic devices such as mobile devices and wearable
devices such as a smart phone, tablet, watch, or any type
of device that may be worn by a user such as a cuff or
bracelet.
[0034] FIG. 2A illustrates an optical system. The op-
tical system 200 is a rotated view by approximately 90
degrees from the view of the photonics assembly of FIG.
1. The optical system200may includemultiple photonics
dies 215and output couplers 250. The photonics diemay
include multiple photonics dies 215, in which each of the
individual photonics dies may be referred to with a se-
parateelementnumbersuchas215a,215b,215c,andso
forth. Although eight photonics dies 215 are depicted in
FIG. 2A, any appropriate number of photonics dies 215

maybe included in theoptical system200.Similarly, each
of the individual output couplers 250 may be referred to
with separate element numbers, and so forth.
[0035] In some examples, each of the photonics dies
215 may include multiple lasers and each photonics die
215 may emit over a different wavelength range, where
the lasers of the corresponding photonics die 215 may
emit at unique wavelengths within the wavelength range
of the photonics die 215. The photonics dies 215 may be
integrated into a photonics system that may combine all
of theemitted light overall of thewavelength ranges intoa
single waveguide via an optical multiplexer. In some
examples, this light may be split into multiple output
waveguides, where each waveguide may reach an out-
put coupler 250. In some examples, when a single laser
generates a single wavelength, the single wavelength of
light from thesingle lasermaybe routed toall of theoutput
couplers 250. Thus, once the single wavelength of light
from the single laser reaches free space, there may be
multiple simultaneous beams of light all of which came
from the same single laser on the same photonics die.
Once a different single laser on a different photonics die
emits a different wavelength of light, the different wave-
length of light may pass through all of the same output
couplers and may pass through the same free space
optical system. It may be understood that the number of
photonics die 215 and the number of output couplers 250
may be different from each other (e.g., there may be
either a greater number of photonics die 215 than output
couplers 250 or a greater number of output couplers 250
than photonics die 215).
[0036] The optical system 200 may generate a prede-
termined illumination profile which may include control-
ling both the spatial profile of a light beamand providing a
predetermined range of light angles at the diffusing ele-
ment 235, which will be discussed in further detail with
reference to FIGs. 2B‑2D and 3‑8. The range of beam
angles incident on the diffusing element 235 may be a
large rangeof beamangles so that theoptical system200
may reduce noise, and as such may be adjusted accord-
ingly.
[0037] As illustrated in FIG. 2A, the optical system 200
may include the photonics die 215, which may provide
light, via the output coupler 250, to the optical subsystem
290. In some examples, all of the light emitted by the
photonics dies 215 may be coupled into a single wave-
guide. This singlewaveguidemay provide light to each of
the output couplers 250. In some examples, the light
received from the output couplers 250 and by the optical
subsystem 290 may be collimated, directed, and/or de-
flected light at various angles, by the optical subsystem
290 and to the measured sample volume (not illustrated
in FIG. 2A). The optical subsystem may include one or
more elements to achieve the desired functionality. In
some examples, the optical subsystem may include a
collimation lens array 292 and a deflection prism array
294. In some examples, the output coupler 250 may
provide light to thecollimation lensarray292of theoptical
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subsystem 290. The collimation lens array 292 may
collimate the light and direct the light to the deflection
prism array 294, also of the optical subsystem 290. The
deflection prism array 294may deflect the light at varying
angles depending fromwhichoutput coupler 250 the light
was received. The deflected light from the deflection
prism array 294 may be directed to the diffusing element
235 and then to the measured sample volume.
[0038] In some examples of FIG. 2A, the diffusing
element 235may be positioned in the approximate range
of 500 microns to 3 millimeters from the measured sam-
pling interface. The diffusingelement 235maybe located
close enough to the measured sample volume, so that
the path length may be controlled. Additionally, the dis-
tance between the output coupler 250 and the diffusing
element 235 may be approximately 2.5‑5 millimeters. As
the light leaves the photonics die 215, the light beammay
continue to diverge as it passes through each element of
the optical system 200. In some examples, the beam
spread of the collective light beam in the widest dimen-
sionmaybebetween 1‑5microns or less as the light exits
the photonics die 215, then the beam spread of the
collective light beam in the widest dimension may be
approximately 100‑300 microns when incident on the
collimation lens array 292. The beam spread of the
collective light beammay spread in thewidest dimension
to approximately 2.5 mm when incident on the diffuser
and then spread in the widest dimension to approxi-
mately 3.0 mm or in the approximate range of 2 mm -
4 mm when incident on the measured sample volume.
Because the collective light beam spreads as it passes
through the optical system 200, there is a corresponding
range of angles that also changes. The angle range and
beam size at the measured sample volume will be dis-
cussed in further detail with reference to FIGs. 2C and
2D.
[0039] In some examples, the photonics assembly
may be used to measure a signal intensity from the
measuredsamplevolumeofFIG.1. Itmaybeunderstood
that every spatial positionmay receiveeverywavelength.
When interrogating at one angle launch light and there is
one signal on the detector, the coherent noise may be
high for any single launch angle, however, multiple de-
correlated measurements may be used to help identify
the signal. One way to determine the signal intensity in
the presence of coherent noise is by obtaining multiple
de-correlated measurements that have the same nom-
inal underlying signal with different de-correlated coher-
ent noise views. In some examples, the de-correlated
coherent noise views may be provided by de-cohered
light. De-cohered light is light that does not interfere to
provide coherent noise. Providing a target number of
unique coherent noise views may be achieved by using
phase shifters and a diffusing element together in the
photonics assembly. For example, the phase shifters
may provide light to the output couplers and result in
de-cohered light. There are various ways to change the
coherent noise pattern on the detector; for example, by

changing the wavelength of the light source or by chan-
ging the polarization of the light. Another way to change
the coherent noise pattern on the detector may depend
on how you launch light onto the sample and this will be
discussed in further detail below and with reference to
FIGs. 2B‑2D and 3‑8.
[0040] In one example, two different angles of return
light may have the same path length once the light is
reflected by the measured sample volume and the two
signals are measured at a detector (not shown in FIG.
2A). The two signals may have different coherent noise
patterns, so even though all other factors may be held
constant, the two signals will have different intensities
sincebothof thesignals are the relevant signal plus some
amount of coherent noise. By interrogating various an-
gles, each of which signal will include some coherent
noise, once the signals of the different angles of light are
averaged together, the coherent noise may approach a
zero mean and the signals may converge to the correct
signal or the measured signal without coherent noise. In
some examples, there may be deviations in the path
length signal (e.g., in a system that may be designed
to pick up single-scatter events, many returned photons
mayencountermultiple scattering events) alongdifferent
paths. In some examples, multiple signals with largely
similar signal characteristics (e.g., similar path lengthand
similar sample characteristics), but with sufficiently dif-
ferent angles to create different noise views, and the
signals may be averaged and may work to reduce the
noise impact.
[0041] In FIG. 2A, the optical systemmay include eight
output couplers. It may be understood that eight output
couplers are described for explanatory purposes only
and any number of output couplers may be used. By
using multiple output couplers 250, the optical system
200 is not as dependent on the diffusing element 235 to
generate coherent noise views. For example, if the op-
tical system only used one output coupler, then the
diffusing element would have to bemuch larger to diffuse
the light to the desired range of angles and it would be
difficult to control the motion of the diffusing element and
the repeatability of the diffusing element positions or set
of positions. Although this type of diffusing element may
be used in the optical systemwith a single photonics die,
the movement of the diffusing element would be very
sensitive to any change in position and even a small
change would generate a new coherent noise view, thus
making it difficult to revisit the same coherent noise view
from the sameposition due to the sensitivity. Because the
optical system200usesmultiple output couplers 250, the
number of positions to which the diffusing element 235
may travel may be reduced in comparison with a system
having a single output coupler. In someembodiments the
positions thediffusingelement235maymove tomaybea
short distance apart from one another and in turn, the
diffusing element 235 has a shorter full-travel distance
than other embodimentswith a greater distance between
positions. In some embodiments, achieving a larger
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number of coherent noise viewswith a greater number of
output couplers 250 may result in reducing the positions
visited by the diffusing element 235. In this example, the
diffusing element 235 may be smaller since the diffusing
element 235 may travel to fewer positions.
[0042] In some embodiments, the diffusing element
235 may move between positions faster than the wave-
lengths of light change. For example, the diffusing ele-
ment 235 may move to or through two or more positions
during the same length of time that an emitter outputs a
single wavelength of light. Thus, insofar as the diffusing
element 235 occupies multiple such positions while a
particular wavelength of light is emitted, those positions
may be said to be "nested" within the particular wave-
length.
[0043] In other embodiments, the wavelengths of light
may change faster than the diffusing element 235 posi-
tions change. That is, the diffusing element 235 may be
positioned in a first position during the same length of
time that the emitter outputs multiple wavelengths. Be-
cause the wavelengths may change while the diffusing
element 235 may stay in the same position, the wave-
lengths may be said to be "nested" within the position of
the diffusing element 235. In this embodiment, each
diffuser position may be visited only once per overall
measurement and themultiplewavelengthsmaybeused
once per diffuser position. Generally, in some embodi-
ments, the diffuser positions may be nested within the
wavelengths, and in other embodiments, the wave-
lengths may be nested within the diffuser positions.
[0044] In some examples, each of the output couplers
250may be coupledwith a phase shifter (not illustrated in
FIG. 2A), whichmay be included in the photonics die 215
or may be external to the photonics die 215. Phase
shifters may generate unique coherent noise views very
quickly, for example, approximately every 100 picose-
conds.Even though thephase shiftersmaybe capable of
generating unique coherent noise views at a sufficient
rate for coherent noise mitigation for the optical system,
the phase shifters may occupy too much space and
require too much operating power that the combination
of the diffusing element 235 with the phase shifters may
better complywith the photonics assembly specifications
due to space and power considerations.
[0045] In some examples, light emitted by the photo-
nics die 215A may provide light to at least an output
coupler 250a that reflects light to the optical subsystem
290. The optical subsystem 290 may include two optical
components, a collimation lens array 292 and a deflec-
tion prism array 294. In some examples, the functionality
of the collimation lens array 292 and the deflection prism
array 294 may be combined into a single optical sub-
system290. In someexamples, the collimation lensarray
292 may collimate the light received from the output
couplers 250 and direct the light to the deflection prism
array 294. The deflection prism array 294 may direct the
light at different angles to the diffusing element 235.
Generally, prisms are used to redirect light by refraction

or internal reflection. In some examples, the amount a
light beam is bent depends on theapex angle of the prism
and the refractive index of the prism material. The angle
of incidence of the light may further be used to adjust the
apex angle of the prism.
[0046] In FIG. 2A, the output coupler 250a provides
light to the collimation lens array 292, which may colli-
mate the light and direct the light to the deflection prism
array 294. The deflection prism array 294 is then able to
predictably deflect thecollimated light at apredetermined
angle and toward the diffusing element 235. The angle at
which the light exits the deflection prism array 294 de-
pends on the position of the output coupler 250 from
which it is received. For example, light received from
the output coupler 250a may be directed to the diffusing
element 235 at a different angle than the light received
from the output coupler 250d, where the light received
from the output coupler 250a may be a steeper angle
relative to the deflection prism array 294 than the light
received from the output coupler 250d. The deflection
prism array 294 may be designed such that each light
beam will be directed to a predetermined position and
angle incident on the diffusing element 235. Continuing
the example, the deflection prism array 294 may direct
light to the diffusing element 235. The diffusing element
mayprovidean illuminationprofile245 that is illustrated in
far-field angle space and that is representative of the
beam angles of light provided by the diffusing element
235. In some examples of the optical system 200, the
illumination profile 245may have awide dimension and a
narrow dimension. The illumination profile 245 of FIG. 2A
illustrates the wide dimension. The illumination profile
235 will be discussed in further detail with respect to
FIGs. 2B and 2C.
[0047] Generally, the diffusing element 235 may be
capable of generating multiple coherent noise views by
moving to multiple locations. However, the more the
diffusing element 235 moves, the less reliable and re-
peatable each position becomes, thus similar to the
phase shifter, even though the diffusing element 235
may sufficiently generate enough coherent noise views
for the photonics assembly by changing positions, the
combination of the diffusing element 235 and the phase
shifter in thephotonicsassemblyprovidesamore reliable
means for mitigating coherent noise, while staying within
the specifications of the photonics assembly such as
system power, size, number of electrical connections
available, andso forth.Further, due to theability to control
the beam spread and the range of angles of the light
between the output couplers to the optical subsystem
290 and between the optical subsystem 290 and the
diffusing element 235, the optical system 200 may reli-
ably generate a predetermined illumination profile of
light.
[0048] In some examples, the diffusing element 235
may receive light with an input angle and diffuse the light
into a larger output spread of angles. In the example of
FIG. 2A, because the diffusing element 235 receives
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eight light beams from the eight output couplers 250, the
diffusing element 235 may output eight light beams with
eight angle spreads. Additionally, the diffusing element
235 may move to multiple locations to mitigate coherent
noise in the optical system 200. The positioning of the
diffusing element 235 and the amount by which the
diffusing element 235moves to generate a new coherent
noise view is determined by the diffuser design; for ex-
ample, the eight degree angle. In some examples, the
diffuser noise may depend at least partially upon the
repeatability of the diffusing element 235 positioning. In
some examples, diffuser noise may be a position-to-
position variation in total optical power throughput of
the system as the diffusing element 235 moves. Diffuser
noisemay be semi-wavelength independent and sample
independent insofar as detailed scattering characteris-
ticsmay be affected, andmay be primarily determined by
the structure/design of the diffusing element 235, and
secondarily affected by the remainder of the system.
[0049] In some examples, each wavelength or wave-
length range of light emitted by a corresponding light
source may pass through the diffusing element 235 at
the same set of diffuser states or diffuser positions. That
is, the diffusing element 235 may move to a first position
for a first wavelength orwavelength range of light emitted
by a first photonics die, then the diffusing element 235
maymove to a second position for the first wavelength of
light, then a third position, and so forth. The diffusing
element 235may thenmove to the same first position for
a second wavelength or wavelength range of light
emitted by a second photonics die, then move to the
same second position, and then to the third position,
and so forth. As a result, the photonics assembly may
interrogate each wavelength or wavelength range
emitted by each photonics die at each diffuser position.
Shouldmultiple wavelengths of light experience different
diffusing element positions, then the diffuser noise may
be intertwined with the wavelength change. It may then
become difficult to verify which part of the signal may be
attributed to diffuser noise as opposed to an actual signal
change due to the wavelength change, thus it would be
difficult to verify which part of the signal is the relevant
signal for measurement of the sample.
[0050] In FIG. 2A, because there are eight output
couplers 250 with a phase shifter and each of the output
couplers provides light, this allows the diffusing element
235 to be eight times slower or move eight fewer times,
thus resulting in less reliance on the diffusing element
235. Although eight photonics dies and eight output
couplers are discussed with reference to FIG. 2A, this
is for convenience and ease of description and any
appropriate number of photonics dies and any appropri-
ate number of output couplers may be used in the photo-
nics assembly.
[0051] The diffusing element 235 receives light at a
predetermined angle and diffuses the light and provides
anoutput spreadof angles. In theexample of FIG. 2A, the
diffusing element 235 receives eight input light beams,

and in turn, provides eight angle output spreads to pro-
duce the illumination profile 245. In some examples, the
diffusing element 235 may generate an approximately
eight degree circle for each light beam received from the
deflection prism array 294. By overlapping the light
beams, the diffusing element 235 may produce an illu-
mination profile 245 that appears to be a "stripe" of light.
Generally, there are four primary dimensions which may
be varied for path length control, an x dimension, a y
dimension, an x angle dimension, and a y angle dimen-
sion. The dimension and path length control will be dis-
cussed in further detail below and with reference to FIG.
2C and FIG. 2D.
[0052] As illustrated in FIG. 2A, the light beams from
the output couplers 250 may overlap one another to
produce the illumination profile 245. Because there are
eight output couplers, eight overlapping circles are illu-
strated in FIG. 2A. The eight output couplers 250 are
used for explanatory and descriptive purposes only and
any appropriate number of output couplers 250 may be
used in the optical system 200. The overlap of the light
beams in the illumination profile 245 and the circular
shape of the light beams from the diffusing element
235 are at least partially dependent on the diffusing
element design. The overlap of angles is a result of the
cone shape in angle space of the light beams, because
coherent noise mitigation becomes more effective when
covering most of the angle space of the illumination
profile. In some examples, a different shaped light beam
in angle space may exit the diffusing element 235 de-
pending on the diffusing element design. In some exam-
ples, the diffusing element 235may diffuse a rectangular
light beam in angle space,whichwould result in little to no
overlap of the diffused light to cover the specified angle
spaces. In some examples, the diffusing elementmay be
any appropriate shape such as rectangular, square, lin-
ear, circular, elliptical, and so forth. In some examples, a
circular diffusing element may generate a circular far-
field angle profile.
[0053] FIG. 2B illustrates an optical system. FIG. 2B is
the same view of the photonics assembly illustrated in
FIG. 1, which may be referred to as the side view, and
FIG. 2B illustrates the narrow dimension of the illumina-
tion profile, whereas FIG. 2A illustrates the wide dimen-
sion of the illumination profile. BecauseFIG. 2B is viewed
from the side, and although only one photonics die 215
and one output coupler 250 are depicted, there aremulti-
ple photonics dies 215 and multiple output couplers 250
that cannot be viewed from the side view. The optical
system 200 of FIG. 2B may include similarly numbered
components as FIG. 2A and represent elements with
similar features and functionality.
[0054] Similar to FIG. 2A, FIG. 2B includes photonics
dies 215 that emit light via an output coupler 250, toward
the collimation lens array 292. The collimation lens array
292may collimate the light and the deflection prismarray
294may receive the collimated light and deflect it toward
thediffusingelement 235. Thediffusingelement 235may
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then provide light to the measured sample volume. In
some examples, the light incident on the measured
sample volume may have the illumination profile as dis-
cussed with reference to FIG. 2A. Similar to FIG. 2A, the
diffusing element 235 may generate an eight degree
circle from each light beam received from the output
coupler 250.
[0055] Generally, the optical system 200 of FIG. 2B
provides de-phased light via the photonics dies 215. The
light may be combined on the diffusing element 235 to
generate the predetermined illumination profile, which
may include the spatial profile of the light as well as the
predetermined angle spread of the light. The narrow
dimension of the illumination profile produced in FIG.
2B may provide for path length control of the emitted
light through the measured sample volume. Should the
illumination profile in the narrow dimension vary from the
predetermined value, the optical systemmay not be able
to control the path length as effectively. The narrow
dimension and the wide dimension of the optical system
200 will be discussed in further detail with reference to
FIGs. 2C and 2D.
[0056] FIG. 2C is a representation of an illumination
profile 245 in angle space generated by the diffusing
element of the photonics assembly. FIG. 2C is an illumi-
nation profile for the light beam angle spread generated
by the diffusing element of the optical system discussed
with reference to FIGS. 2A and 2B. The optical system
may generate the predetermined angle space or light
beam spread of angles of the illumination profile 245
incident on a sample. Generating the illumination profile
(e.g., both in the spatial profile and angle space) of the
light for the predetermined angle space allows for effec-
tively mitigating coherent noise before the light reaches
the sample.
[0057] Generally, coherent noise mitigation becomes
more effective when covering most of the angle space of
the illumination profile. As previously described, the dif-
fusing element may be an eight degree circular diffuser,
such that the light beamsmay draw out at approximately
eight degrees. In some examples, the diffusing element
may provide an angle space in a range of 40‑60 degrees
by 4‑15 degrees. The eight degree circular diffuser is
discussed herein for explanatory purposes only as any
appropriate diffuser with any appropriate angle range
may be used in each of the embodiments discussed.
[0058] In some examples, the predetermined beam
angles exiting from the diffusing element to be incident
on the sample may be approximately fifty degrees in a
first dimension and approximately eight degrees in a
second dimension. Additionally, although fifty degrees
by eight degrees is used for explanatory purposes, any
angle spacemay be used. For example, the angle space
may be in the range of 40‑60 degrees by 4‑15 degrees.
The shape of the light beam in angle space is at least
partially due to the overlapping angles of the light beams
as discussed with reference to FIG. 2A. Additionally, the
light beam angles may be larger in one dimension than

the other due to the sensitivity of the profile. In one
dimension of angle space, the variation may be less
sensitive when controlling the optical path length due
to geometrical considerations of the optical system
and, in a second dimension of angle space, the variation
may be more sensitive and may have a smaller angle
spread.
[0059] FIG. 2D is a representation of an illumination
profile 255 of the light beam shape and size. The beam
size incident on the sample may be approximately 3 mm
in a first direction and approximately .2 mm in a second
direction. Generally, the larger the illumination profile of
light that is incident on themeasured sample volume, the
more signals may be detected from the measured sam-
ple volume, thus it may be desirable to have a large
illumination profile of light that is incident on the mea-
sured sample volume. Similar to the spread of beam
angles in angle space, the beam size may be less sensi-
tive to variation in a first direction than the other second
direction for optical path length control.
[0060] FIG. 3A illustrates an example optical subsys-
tem in an optical system. The optical system 300 of FIG.
3A includes light system 303, a first lens 305, a second
lens307, andadiffusingelement 310. Theoptical system
300 illustrates a wide angle range of light provided by the
diffusing element when compared to the angle at which
light exits the light system 303. Light system 303 may
include one or more photonics dies and one or more
output couplers. The light system 303 may provide light
to a first lens 305, whichmay propagate light along a light
path306 toasecond lens307. Insomeexamples, thefirst
lens 305 and the second lens 307may be cylinder lenses
to generally collimate the light into overlapping beams. It
may be understood that the light paths 306, 308 and 311
illustrate only the outer light beams that define the outer
bounds of an area in which all the light beams may
propagate. For example, light path 306 may illustrate
only two outer light beams, but there may be multiple
overlapping light beams between the two outer light
beams. The outer light beams of light paths 306, 308,
and 311 illustrate the general shape and direction of the
light paths. The second lens 307 may provide light along
light path 308 to the diffusing element 310. Once the light
passes through the diffuser, the diffusing element angle
range is significantly larger than the smaller separation of
the angles provided by the light system 303.
[0061] FIGs. 3B‑3C illustrate an example optical sys-
tem with no diffusing element and the corresponding far
field angular separation of light. In FIG. 3B, the optical
system301 includesa light system303 that provides light
along light paths 312 and 313 to a lens 317. The lightmay
pass through the lens 317 to the sample volume 320. In
some examples, the lens 317 may be a slow axis colli-
mator. InFIG. 3B, the light sourcesof the light system303
maybeseparatedbyaΔx. The light from the light sources
may propagate along light paths 312 and 313, each of
whichhaveabeamspread. The lightmaypass to the lens
317, which may collimate the light and the light may then

5

10

15

20

25

30

35

40

45

50

55



12

21 EP 4 818 770 A2 22

pass to the sample volume 320. In FIG. 3B, the light
system 303 may be separated from the lens 317 by a
distance 319.
[0062] In FIG. 3C, the diagram 302 includes the points
321 and 322, which illustrate the angular separation of
the light beams along Θx, from the light sources sepa-
rated by Δx. In some examples, the angular separation
between the light sources, which is ΔΘ may be the
arctangent of the quantityΔx divided by the distance 319.
[0063] FIGs. 3D‑3E illustrate an example optical sys-
tem with a diffuser and the corresponding non-overlap-
ping far field angular separation of centroids. The optical
system 303 is similar to the optical system 302 of FIG. 3B
with the addition of the diffusing element 320. That is, the
optical system 303 may include a light system 303 that
provides light along light paths 312 and 313 to the lens
317. The lens 317 passes the light to the diffusing ele-
ment 320 before the light passes to the sample 320. In
FIG.3D, the light sourcesof the light system303mayalso
be separated by Δx and the light system 303 may be a
distance 319 from the lens 317. Although the light de-
picted in FIG. 3D appears to be similar to the light in FIG.
3B, the diagram 304 of FIG. 3E illustrates the non-over-
lapping far field angles after the diffusing element 320.
[0064] In FIG. 3E, the diagram 304 includes the beam
spread centroids 323 and 324, which illustrate the angu-
lar separation of the light beams along Θx, from the light
sources separated byΔx. In some examples, the angular
separationbetween the light sources,which isΔΘmaybe
the arctangent of the quantity Δx divided by the distance
319. In FIG. 3E, ΔΘdiffuser is greater than ΔΘ and the
beamspread also covers a larger area than that resulting
from not using a diffusing element. In FIG. 3E, the light
beams may be uncorrelated so long as the far field
centroids are not overlapping with one another.
[0065] FIGs. 3F‑3G illustrate an example optical sys-
temwith a diffuser and the corresponding overlapping far
field angular separation of centroids. The optical system
305 is similar to the optical system 303 of FIG. 3D and
also includes the diffusing element 320. That is, the
optical system 305 may include a light system 303 that
provides light along light paths 312 and 313 to the lens
317. The lens 317 passes the light to the diffusing ele-
ment 320 before the light passes to the sample 320. In
FIG. 3F, the light sourcesof the light system303mayalso
be separated by Δx and the light system 303 may be a
distance 319 from the lens 317. Although the light de-
picted in FIG. 3F appears to be similar to the light in FIG
3D, thediagram306ofFIG.3G illustrates theoverlapping
far field angles after the diffusing element 320 as op-
posed to the non-overlapping far field angles after the
diffusing element 320.
[0066] In FIG. 3G, the diagram 306 includes the beam
spread centroids 326 and 327, which illustrate the angu-
lar separation of the light beams along Θx, from the light
sources separated byΔx. In some examples, the angular
separation between the light sources, which is ΔΘ, may
be the arctangent of the quantity Δx divided by the dis-

tance319. InFIG.3G,ΔΘdiffuseralongΘx isgreater than
ΔΘ and the beam spread also covers a larger area than
that resulting from not using a diffusing element. In FIG.
3G, theoverlapping far field patternmaybedominatedby
the light passing through the diffusing element 320.
[0067] FIG. 4 illustrates an example optical subsystem
in an optical system. In FIG. 4, the optical system 400 is a
view of the photonics assembly illustrating the wide di-
mension. FIGs. 4‑8 will illustrate a similar view of the
photonics assembly illustrating the wide dimension and
will include components similarly positioned to one an-
other within the optical systems. The optical system 400
may generate a wide launch beam in the wide dimension
or in the "stripe"width of the beamshape. Similar to FIGs.
2A and 2B, the optical system 400 of FIG. 4 includes
photonics dies 415, output couplers 450, an optical sub-
system 490, and a diffusing element 435.
[0068] In someexamples, the optical subsystem490 is
a collimation lensarray492andadiverger array 494.The
collimation lens array 492 may collimate the light to
provide control of the light beamdirection for the diverger
array 494. The diverger array 494 may also be a deflec-
tion array 494, where the light may be deflected at the
appropriate angles to the diffusing element 435, and thus
may be referred to as the deflection and diverger array
herein. Although specific examples of components in
optical subsystems are described, any appropriate op-
tical component may be used in the photonics assembly
to achieve the predetermined illumination profile to the
diffusing element 435 and incident on the measured
sample volume.
[0069] FIG. 5 illustrates an example optical subsystem
in an optical system. In FIG. 5, the optical system 500 is a
view of a partial photonics assembly illustrating the wide
dimension.Similar toFIGs. 2Aand2B, the optical system
500 of FIG. 5 includes photonics dies 515, output cou-
plers 550, an optical subsystem 590 and a diffusing
element 535. The optical subsystem 590 is a decentered
lensarray.Thedecentered lensarray590maybeasingle
optical element that combines the functionality of the
optical components of the optical subsystem of FIG.
2A. The decentered lens array 590 may approximately
combine the functionality of a collimation lens array and
the deflection prismarray. Thedecentered lens array 590
includes a group of lenses that are decentered from a
common axis respective to each lens in the array and
which may steer the light toward the diffusing element
535.
[0070] FIG. 6 illustrates another example of an optical
subsystem in an optical system. Similar to the optical
system500 in FIG. 5, the optical system 600 in FIG. 6 is a
view of a partial photonics assembly illustrating the wide
dimension. The optical system 600 of FIG. 6 includes
photonics dies 615, output couplers 650, an optical sub-
system 690 and a diffusing element 635.
[0071] In the example of FIG. 6, the optical subsystem
690 is a decentered toroidal lens array. The decentered
toroidal lens array 690 may be a single optical element
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that combines the functionality of the optical components
of the optical subsystem of FIG. 5. The decentered
toroidal lens array 690 may approximately combine the
functionality of a collimation lens array and a deflection
and diverger array. The decentered toroidal lens array
690 may collimate light in the narrow dimension of the
illumination profile of light and may at least partially
collimate light in the wide dimension using two different
focal lengths, and may also steer the light beam in the
wide dimension toward the diffusing element 635.
[0072] FIG. 7 illustrates another example of an optical
subsystem in an optical system. In the example of FIG. 7,
the optical subsystem 790 includes photonics dies 715,
output couplers 750, a cylinder lens array 792 and a
crossed cylinder lens array 794. The cylinder lens array
792and thecrossedcylinder lensarray794maycombine
the functionality of a collimating array and a deflection
array. The cylinder lens array 792may collimate light in a
first direction and does not collimate light in a second
direction. For example, the cylinder lens array 792 may
receive light from the photonics die 715 and the light may
have a fast axis and a slow axis. The fast axis may have
light that diverges faster than the slow axis. In some
examples, when collimating the light using the cylinder
lens array 792, the cylinder lens array 792 may have a
short focal length in the fast axis direction. Additionally,
the crossed cylinder lens array 794 may collimate the
light in the second direction and not in the first direction
and the crossed cylinder lens array 794 may have a
longer focal length in the slow axis direction. The crossed
cylinder lens array 794 may provide light to the sample
735.
[0073] FIG. 8 illustrates another example of an optical
subsystem in an optical system 800. In the example of
FIG. 8, the optical subsystem 890 includes a fast axis
collimator array 892 (e.g., whichmay be a cylinder array)
and a slow axis focus and steering array 894. The fast
axis collimator array 892 and the slow axis focus and
steering array 894 may combine the functionality of the
cylinder lens array and the crossed cylinder lens array of
FIG. 7, along with singlet lenses. The fast axis collimator
array 892 may receive light from the photonics dies 815
that have a fast axis and a slow axis. The fast axis
collimator array 892 may collimate the light along the
fast axis and not the slow axis. The slow axis focus and
steering array 894may focus the light along the slow axis
and steer the light toward the diffusing element 835.
Although specific optical elements have been discussed
herein, there may be various ways to achieve the appro-
priate illumination profile incident on the diffuser and
incident on the measured sample volume. In some ex-
amples, additional optical elements may be used be-
tween the photonics die and the measured sample vo-
lume. In some examples, the photonics assembly may
not include a diffusing element. In some examples, the
light beam may be folded in the photonics assembly. In
some examples, the light beams may be separated and
then allowed for the beam to spread in angles and in

spatial profile and then combine the beams together. So
long as the illumination profile with the predetermined
beamangle and spatial profile are incident on the diffuser
and are incident on the measured sample volume, other
components of the photonics assembly may be varied
including, but not limited to, the optical components of the
photonics assembly, the positioning of the optical com-
ponents relative to one another, the number of light
sources, the type of diffusing element, any combination
thereof, and so forth.
[0074] FIG. 9 illustrates an example block diagram of
an optical device 900, which may in some cases take the
form of any of the optical devices as described with
reference to FIGs. 1‑8. The optical device can include
a processor 902, an input/output (I/O) mechanism 904
(e.g., an input/output device, such as a touch screen,
crown or button, input/output port, or haptic interface),
one ormore optical units 906 (e.g., a photonics die which
may include a laser diode), memory 908, sensors 910
(e.g., anoptical sensingsystem),andapowersource912
(e.g., a rechargeable battery). The processor 902 can
control some or all of the operations of the optical device
900. The processor 902 can communicate, either directly
or indirectly, with some or all of the components of the
optical device 900. For example, a system bus or other
communication mechanism 914 can provide communi-
cation between the processor 902, the I/O mechanism
904, the optical unit 906, the memory 908, the sensors
910, and the power source 912.
[0075] The processor 902 can be implemented as any
electronic device capable of processing, receiving, or
transmitting data or instructions. For example, the pro-
cessor 902 can be a microprocessor, a central proces-
sing unit (CPU), an application-specific integrated circuit
(ASIC), a digital signal processor (DSP), or combinations
of such devices. As described herein, the term "proces-
sor" is meant to encompass a single processor or pro-
cessing unit, multiple processors, multiple processing
units, or other suitable computing element or elements.
[0076] It should be noted that the components of the
optical device 900 can be controlled by multiple proces-
sors. For example, select components of the optical
device 900 (e.g., a sensor 910) may be controlled by a
first processor and other components of the optical de-
vice 900 (e.g., the optical unit 906)may be controlled by a
secondprocessor,where the first andsecondprocessors
may or may not be in communication with each other.
[0077] The I/O mechanism 904 can transmit and/or
receive data from a user or another electronic device.
An I/O device can include a display, a touch sensing input
surface, one or more buttons (e.g., a graphical user
interface "home" button), one or more cameras, one or
more microphones or speakers, one or more ports, such
as a microphone port, and/or a keyboard. Additionally or
alternatively, an I/O device or port can transmit electronic
signalsviaacommunicationsnetwork, suchasawireless
and/or wired network connection. Examples of wireless
and wired network connections include, but are not lim-
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ited to, cellular, Wi-Fi, Bluetooth, IR, and Ethernet con-
nections.
[0078] The memory 908 can store electronic data that
can be used by the electronic device 900. For example,
thememory 908 can store electrical data or content such
as, for example, audio and video files, documents and
applications, device settings and user preferences, tim-
ing signals, control signals, and data structures or data-
bases. Thememory 908 canbe configured as any type of
memory.Bywayof example only, thememory 908 canbe
implemented as random access memory, read-only
memory, Flashmemory, removable memory, other types
of storage elements, or combinations of such devices.
[0079] The optical device 900 may also include one or
more sensors 910 positioned almost anywhere on the
optical device 900. The sensor(s) 910 can be configured
to sense oneormore typeof parameters, suchas, but not
limited to, pressure, light, touch,heat,movement, relative
motion, biometric data (e.g., biological parameters), and
soon. For example, the sensor(s) 910may include aheat
sensor, a position sensor, a light or optical sensor, an
accelerometer, a pressure transducer, a gyroscope, a
magnetometer, a health monitoring sensor, and so on.
Additionally, the one or more sensors 910 can utilize any
suitable sensing technology, including, but not limited to,
capacitive, ultrasonic, resistive, optical, ultrasound,
piezoelectric, and thermal sensing technology.
[0080] Thepower source912canbe implementedwith
any device capable of providing energy to the optical
device 900. For example, the power source 912 may be
one or more batteries or rechargeable batteries. Addi-
tionally or alternatively, the power source 912 can be a
power connector or power cord that connects the optical
device900 toanother powersource, suchasawall outlet.
[0081] The foregoing description, for purposes of ex-
planation, used specific nomenclature to provide a thor-
ough understanding of the described embodiments.
However, it will be apparent to one skilled in the art that
thespecificdetails arenot required inorder topractice the
described embodiments. Thus, the foregoing descrip-
tions of the specific embodiments described herein are
presented for purposes of illustration and description.
They are not targeted to be exhaustive or to limit the
embodiments to the precise forms disclosed. It will be
apparent to one of ordinary skill in the art that many
modifications and variations are possible in view of the
above teachings.
[0082] Although the disclosed examples have been
fully describedwith reference to theaccompanying draw-
ings, it is to be noted that various changes and modifica-
tionswill becomeapparent to thoseskilled in theart.Such
changesandmodificationsare to beunderstoodasbeing
included within the scope of the disclosed examples as
defined by the appended claims.

Further embodiments

[0083]

1. A photonics assembly, comprising:

a set of semiconductor light sources, each of the
set emitting light;
a set of output couplers for receiving light from
the set of semiconductor light sources;
an optical subsystem positioned to receive the
light from the set of output couplers and shape
the light; and
a diffuser configured to provide the light with a
coherent noise state of a set of coherent noise
states on a sample, wherein:

the diffuser is operative to repeatedly move
between at least a first position and a sec-
ond position; and
by moving repeatedly between at least the
first position and the second position, the
diffuser mitigates coherent noise.

2. The photonics assembly of embodiment 1, where-
in:

a set of phase shifters is positioned to transmit
light to each output coupler of the set of output
couplers and generates de-cohered light;
a beam spread of the light emitted by the set of
semiconductor light sourcesuponexiting the set
of semiconductor light sources is between 1 and
5 microns, and
abeamspreadexiting thediffuser is in a rangeof
2‑4 mm upon incidence on a sample.

3. The photonics assembly of embodiment 1, where-
in the optical subsystem comprises:

a collimating array positioned to receive the light
from the set of output couplers; and
adeflectionprismarraypositioned to receive the
light from the collimating array.

4. The photonics assembly of embodiment 1, where-
in the optical subsystem comprises:

a collimating array positioned to receive the light
from the set of output couplers; and
a diverger array positioned to receive the light
from the collimating array.

5. The photonics assembly of embodiment 1, where-
in the optical subsystem comprises a decentered
toroidal lens array positioned to receive the light from
the set of output couplers.

6. The photonics assembly of embodiment 1, where-
in the optical subsystem comprises:

a cylinder lens array positioned to receive the
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light from the set of output couplers, and
a crossed cylinder lens array positioned to re-
ceive the light from the cylinder lens array.

7. The photonics assembly of embodiment 1, where-
in the diffuser is configured to provide diffused light in
an eight degree by eight degree light beam to the
sample.

8. An optical system, comprising:

a set of semiconductor light sources for emitting
light with multiple light beams;
a set of output couplers for receiving the light
from the set of semiconductor light sources; and
a moveable diffusing element configured to:

receive the light from the set of optical cou-
plers;
move to a set of positions for each output
coupler of the set of output couplers to
provide a set of different coherent noise
states corresponding to each output cou-
pler of the set of output couplers, and
define an illumination profile incident on a
sample.

9. The optical system of embodiment 8, further com-
prising:

an optical subsystem configured to receive the
light from the set of output couplers; and
a set of phase shifters for de-cohering the light,
wherein each light beam of the multiple light
beams received by the set of output couplers
is de-cohered by a corresponding phase shifter
of the set of phase shifters, and
each of the set of positions is repeatable.

10. The optical system of embodiment 8, further
comprising:
a frequency modulator for de-cohering the light pro-
vided by the set of output couplers.

11. The optical systemof embodiment 8, wherein the
moveable diffusing element is a circular diffuser.

12. Theoptical systemof embodiment 8,wherein the
illumination profile is based at least partially on the
angle spacing of light received from the optical sub-
system.

13. Theoptical systemof embodiment 8,wherein the
illumination profile is based at least partially on the
total range of angles of light incident on the diffuser.

14. Theoptical systemof embodiment 8,wherein the
light emitted by each light source of the set of semi-

conductor light sources is a different wavelength.

Claims

1. A photonics assembly, comprising:

a photonics die comprising a plurality of output
couplers;
a light emitter configured to emit light;
a moveable diffuser; and
a detector, wherein:

the photonics die is configured to split the
light and route the light to each of the plur-
ality of output couplers;
the moveable diffuser is positioned to re-
ceive overlapping light beams from the plur-
ality of output couplers and pass diffused
light to a sample; and
the detector is positioned to receive return
light from the sample.

2. The photonics assembly of claim 1, comprising:
a plurality of phase shifters positioned to transmit
light to each output coupler of the plurality of output
couplers.

3. The photonics assembly of claim 1, comprising:
an optical subsystem positioned to receive the light
from the plurality of output couplers and direct the
light to the moveable diffuser.

4. The photonics assembly of claim 3, wherein the
optical subsystem is configured to collimate the light
received from the plurality of output couplers in a first
direction.

5. The photonics assembly of claim 4, wherein the
optical subsystem is configured to collimate the light
received from the plurality of output couplers in a
second direction.

6. The photonics assembly of claim 1, wherein the
moveable diffuser is a circular diffuser.

7. The photonics assembly of claim 1, wherein the
overlapping light beams have an illumination profile
after passing through the moveable diffuser, the
illumination profile having a first dimension and a
second dimension.

8. The photonics assembly of claim 7, wherein the
illumination profile has a first angle range between
40 and 60 degrees in the first dimension.

9. The photonics assembly of claim 7, wherein the
illumination profile has a second angle range be-
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tween 4 and 15 degrees in the second dimension.

10. The photonics assembly of claim 1, wherein the
detector comprises a plurality of pixels.

11. A method of operating a photonics assembly, com-
prising:

emitting light from a light emitter;
splitting the light to each of a plurality of output
couplers of a photonics die;
receiving light beams from the plurality of output
couplers at a moveable diffuser, wherein the
light beams overlap at the moveable diffuser;
diffusing the light beams using the moveable
diffuser to generate diffused light having an
illumination profile;
providing the diffused light to a sample;
measuring return light received from the sample
using a detector.

12. The method of claim 11, comprising:
moving the moveable diffuser between a predeter-
mined set of positions.

13. The method of claim 11, comprising:
repeatedly moving the moveable diffuser between a
predeterminedset of positionsaccording to a repeat-
ing sequence.

14. The method of claim 11, comprising:
generating varying phase relationships between the
light beams using a set of phase shifters.

15. The method of claim 11, wherein the photonics as-
sembly comprises an optical subsystem positioned
to receive the light beams from the plurality of output
couplers and direct the light beams to the moveable
diffuser.

5

10

15

20

25

30

35

40

45

50

55



17

EP 4 818 770 A2



18

EP 4 818 770 A2



19

EP 4 818 770 A2



20

EP 4 818 770 A2



21

EP 4 818 770 A2



22

EP 4 818 770 A2



23

EP 4 818 770 A2



24

EP 4 818 770 A2



25

EP 4 818 770 A2



26

EP 4 818 770 A2



27

EP 4 818 770 A2



28

EP 4 818 770 A2



29

EP 4 818 770 A2



30

EP 4 818 770 A2



31

EP 4 818 770 A2

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 63076249 [0001]


	bibliography
	abstract
	description
	claims
	drawings
	cited references

